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This publication is a compilation of papers presented a t  the First Annual Space 
Station Evolution S mposium: Beyond the Baseline on February 6-8, 1990. The 

advanced system studies and advanced development tasks within the Space Station 
Freedom Program. The symposium provided an opportunity for dialo ue between 

utilization of Space Station Freedom. 

The papers descri be efforts included within the Level I Transition Definition 
Program to define and incorporate baseline design accommodations which satisfy 
the requirements associated with potential evolutionary paths, and to develop 
advanced technology which will enhance Space Station capabilities and enable its 
evolution. The papers describe work accomplished during fiscal year 1989 and were 
presented by those in Government, industry, and academia who performed the 
tasks. 

symposium focuse cy on the presentation of results by the personnel responsible for 

the users, designers, and advanced planners for Station regarding the 9 ong-term 

This publication consists of two volumes. Volume 1 contains the results of the 
advanced system studies with the emphasis on reference evolution configurations, 
system design requirements and accommodations, and long-range technology 
pro'ections. Volume 2 reports on advanced development tasks within the Transition 

strations and evaluations on Station development testbeds and S uttle-based flight 
experiments; detailed requirements and performance specifications which address 
advanced technology implementation issues; and mature applications and the tools 
required for the development, implementation, and support of advanced 
technology within the Space Station Freedom Program. 

De I inition Program. Products of these tasks include: engineerinftfidelity demon- 

k 
2: 
CL 

Pi 

Dr. Earle K. Huckins ill 
Director, Space Station Freedom Engineering 
Office of Space Flight 

7- 

f i  NASA Headquarters 

iii 



Listed below are the persons who made this symposium possible. 

COMMITTEE MEMBERS 

Conference Chair: 

Earle Huckins Ill 
NASA Headquarters 

Pro ram Planning Committee 
Tec F1 nical Chairs: 

Stephen Cook 
NASA Headquarters 
Evolution Systems Studies and 
Analysis 

NASA Headquarters 
Advanced Deve lo pme n t 
Program 

Gregg Swietek 

I 

I Session Chairs: 

E. Brian Pritchard 
NASA Langley Research 
Center 

Barry Meredith 
NASA Langley Research 
Center 

Karen Brender 
NASA Langley Research 
Center 

Gregg Swietek 
NASA Headquarters 

Paul Neumann 
Space Station Freedom 
Program Office 

John Muratore 
NASA Lyndon 6. Johnson 
Space Center 

HenryLum 
Ames Research Center 

Wayne Zimmerman 
NASA Headquarters 

Dale Weathers 
Space Station Freedom 
Program Office 

Administrative Co-Chairs: 

Glenn Freedman 
UH-Clear Lake 

Carla Armstrong 
Barrios Technology 

Graphics Coordinator: 

Peter Colangelo 
Omn ipla n Corpora tion 

iv 



I Title 

CONTENTS -Volume 2, Part 2 

Page 

SPACE STATION FREEDOM ADVANCED DEVELOPMENT PROGRAM 
OVERVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

SESSION IV: FLIGHT SYSTEMS AUTOMATION 
Session Chair: Mr. Paul Neumann, Space Station Freedom Program Office 

0 DEVELOPMENT STATUS AUTOMATION ADVANCED DEVELOPMENT 
SPACE STATION FREEDOM ELECTRIC POWER SYSTEM . . . . . . . . . . . . . . . . . . .  21 

SPACE STATION FREEDOM ADVANCED DEVELOPMENT 
BIMONTHLY REPORT FOR SSM/PMAD AUTOMATION ................... 37 

AUTOMATION OFTHE ENVIRONMENTAL CONTROL AND 
LIFE SUPPORT SYSTEM ............................................... 59 

PI-IN-A-BOX, AN EXPERT SYSTEM TO ADVISE ASTRONAUTS 
DURING EXPERIMENTS ............................................... 79 

REMOTE MANUPILATOR SYSTEM (RMS) AUTOMATION . . . . . . . . . . . . . . . .  121 

THERMAL EXPERT SYSTEM - TEXSYS DEVELOPMENT AND 
TESTREVIEW .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  157 

SUMMARY OF ASTRONAUTS' INPUTS CONCERNING AUTOMATION . . . . . .  173 

I SESSION VI: GROUND OPERATIONS AUTOMATION 
I 

Session Chair: Mr. John Muratore, NASA Lyndon B. Johnson Space Center 

REALTIME DATASYSTEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189 

TRANSITION FLIGHT CONTROL ROOM AUTOMATION . . . . . . . . . . . . . . . . . .  22 1 

8 

i 
c 

INTELLIGENT COMPUTER-AIDED TRAl Nl NG ........................... 239 

PLATFORM MANAGEMENT SYSTEM EVOLUTION ...................... 255 

AUTOMATED PLATFORM MANAGEMENT SYSTEM SCHEDULING . . . . . . . .  299 

CONCEPTS IN DISTRIBUTED SCHEDULING AND CONTROL . . . . . . . . . . . . . . .  325 

V 



Title Page 

SESSION VIM: 
Session Chair: 

SPACE STATION INFORMATION SYSTEMS 
Mr. Robert Nelson, Space Station Freedom Program Office 

DATA MANAGEMENT SYSTEM (DMS) ADVANCED OPERATING 
SYSTEM STUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

OMS ADVANCED AUTOMATION: FDlR PROTOTYPING . . . - . . . . . . . . . . . . . 

OPERATIONS MANAGEMENT SYSTEM; EVENT EVALUATOR 
AND SCHEDULER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

AUTOMATED SOFNVARE DEVELOPMENT WORKSTATION (ASDW) . . . . . . 

EVOLUTION PATHS FOR ADVANCED AUTOMATION . . . . . . . . . . . . . . . . . . . 

SESSION IX: ADVANCED AUTOMATION ENVIRONMENTS 
Session Chair: Dr. Henry Lum, NASA Ames Research Center 

ART/Ada and CLIPS/Ada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

KNOWLEDGED-BASED SYSTEMS VERIFICATION AND VALIDATION . . . . . . 

THE SOFTWARE SUPPORT ENVIRONMENT DESIGN KNOWLEDGE 
CAPTURE (SSE/DKC) PROJECT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

ADVANCED ARCHITECTURE TESTBED . . . . . . . . . - . . . . . . . . . . . - . . . . . . . . . . . 

S PAC E B 0 R N E A UT0 NO M 0 U S M U LTI PROC E SSO R SY ST E M S . . . . . . . . . . . . . 

EOS PROCESSOR EXPERIMENT (ISES) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

AUTONOMOUS CONTROL (FORMERLY LAUNCH OPERATIONS) . . . . . . . . - . 

SESSION X: 
Session Chair: 

TELEROBOTICS TECHNOLOGY AND APPLICATIONS 
Mr. Wayne Zimmerman, Office of Space Station 

TELERU80TIC SYSTEM TECHNOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

ROBOTIC ASSEMBLY OF LARGE SPACE STRUCTURES . . . . . . . . . . . . . . , . . . . . 

343 

363 

385 

405 

42 1 

437 

445 

46 1 

49 1 

515 

527 

565 

587 

65 1 

vi 



Time TObk Presenter 

Monday February 5,1990 

6:OO p.m. - 9:W p.m. Registration 

I Tuesday February 6,1990 
~ 

7:30 a.m. Registration 

830 OPENING SESSION 

t. 
9:oo 

930 

~ * 1o:oo 

10:30 

11:Oo 

1130 

12:OO - 1.30 

130 - 4 3 0  

1 :30 - 4:30 

530 
6 3 0  

Welcoming Remarks 

Keynote Address 

Space Station Freedom Program Overview 

Break 

Human Exploration Mission Planning 

Mission to Planet Earth 

Space Station Freedom Evolution 

Lunch - Harbour Club 

Dr. Aaron Cohen 

Dr. William 8. Lenoir 
Dcrector. NASA Johnson Space Center 

Associate Adminisfrator lor Space Flight and 
Acting Associate AdrninWrator for Space Station 

Director. Space Station Freedom 
Mr. Richard H. Kohrs 

Dr. Franklin 0. Martin 
AssOCiJte Admmirtrator lor Erploratron 

Dr. Shelby G. Tilford 
Manager. Geostationary Obsonatrons. Msston to Planet Earth 

Dr. Earle K. Huckins 111 
Director. Strategic Plans and Programs Owwon 
Oflse  01 Space Station. 
NhSA Hbrqpuaners 

SESSION I - EVOLUTION MISSION AND PLANNING 

NASA Langley Research Center 
Session Chair: Mr. E. Brian Pritchard 

Long-range Planning for Science Utilization 
on Space Station 
Space Station Accommodation of LunarIMars 
Exploration Program 
Advanced Transporation Systems 

Future European Manned Space Infrastructure 

Break 
Japan's Future Space Activities 

Canadian Space Activities in the 21st Century 

Space Station as a Technology Testbed 

Life Sciences Planning for Manned Missions 

Mr. Robert C. Rhome 

Mr. Lewis Peach 
NASh Headauarters 

Mr. Darrell R.  Branscome 
NhSA Herdquaners 

Mr. Jacques Collet 
Euroocan Space Agency 

NhSA Headquarters 

Mr. Masatoshi Saito 
Ni!ional Space Development C p n c y  01 Japan 

Mr R .  Brian Erb 
C m a a m  Liaison O l f c e  

Dr. Judith Ambrus 
NhSh Herdquaners 

Dr. Arnauld E. Nicogossian 
N'Sh Headquaners 

SESSION II - TECHNOLOGY AND ADVANCED DEVELOPMENT OVERVIEW 
Session Chair: Mr. Gregg Swietek 

NASA Headaua.?ers 

Office of Aeronautics and Space Technology 
(OAST) Programs 
OAST Systems Autonomy and Telerobotics Programs 

Office of Space Flight Advanced Development 
Activities 
Space Station Freedom (SSF) Flight Telerobotic 
Servicer 
SSF Advanced Development Program Overview 

Reception 
Banquet with Speaker 

Or. Judith Ambrus 
NhSL Herdquaners 

Dr. Me1 Montemerlo 

Ms. Pat Connor 
N C S h  Headquaners 

Or. Harry McCain 

Mr. Gregg Swietek 
NASh Headeuaners 

NhSh Headauaners 

NhSh Goddard Space Flight Ctnlel 

vii 



Time Topic Presenter 

Wednesday February 7,1990 

8130 - 12:OO 

8:30 - 12:oo 

SESSION I l l  - CONFIGURATION EVOLUTION 

NASA Langky Rmmrch Ontar 
Session Chair: Mr. E. Brian Pritchard 

Space Station Freedom Integrated Research and 
Development Growth 

Mr. Rudy Saucillo 
McOonneN Douglas. Washinglon. O.C. 

Space Station Transportation Node 
Concepts and Analysis 
Servicing Capability for the Evolutionary 
Space Station 

Mr. William Cirillo 

Mr. Ted Grems 

NASA Lang&y Reseruh Center 

McDonnbll Douglas Grwnbelf, MD 

Evolutionary Space Station Fluids Management Mr. Steve Stevenson 
NASA Lewis Research COnler 

Space Station Logistics Systems Evolution 

Space Transfer Vehicle Accommodations 
at Transportation Nodes 

Mr. Michael Tucker 

Mr. Uwe Hueter 
NASA Maf$haN Spaca Flrghl COnfOr . 

NASA Marshall Space Fltghf C0nI.r 

A Radiological Assessment of Space Nuclear 
Power Operations Near Space Station 

Mr. Steve Stevenson 
NASA Lewrs Research Center 

Platform Evolution Studies Ms. Barbara Walton 
NASA Goddard Space Flrght COntef 

SESSION IV - FLIGHT SYSTEMS AUTOMATION 
Session Chair: Mr. Paul Neumann 

Soace Station Freedom Program Ollice 

Autonomous Power Management and Distribution 
(PMAD) 
Laboratory/Habitation Module PMAD Automation 

Environmental Control and Life Support System 
(ECLSS) 
PI-in-a-Box 

RCS/RMS Automation using Procedural Reasoning 

Thermal Control Expert System 

Summary 01 Astronauts’ Inputs Concerning 
Automation 

Lunch - Harbour Club 12 00 - 1 00 

1 30 - 4 30 

Mr. Jim Dolce / Mr. Gale Sundberg / Mr. Jim Kish 

Mr. Bryan Walls 

Mr. Brandon Oewberry 

Or. Larry Young / Dr. Silvano Colombano 

Mr. H. K. Hiers 
NASA Jonnson Space Confer 

Dr. John Bull / Ms. Kathy Healey I 
Mr. Jeff Dorninick 
NASA &mer ilesearch Cenler I 
NASA Johnson Space Cenrer 

NASA Lewis Resoarch Contar 

NASA Marshall Space Flrghf Center 

NASA Marshall Space Flrght CenlOr 

Massachussens Inslitufe 01 Tachnology I 
NASA Amas Research COnfW 

Mr. Dave Weeks 
NASA Marshall Space Fllghf COnlOr 

SESSION V - SYSTEM EVOLUTION 

NASA Langley Reresrcn Center 
Session Chair: Mr. Barry 0. Meredith 

Assuring Data Transparency Through Design 
Methodologies nrrro Corporafion 

Mr. Allen Williams 

EVA Sysrems 

Data Management Systems 

Active Thermal System 

Break 
Guidance Navigation and Control 

Communications and Tracking 

Mr. Michael Rouen 
NASA Johnson Space Center 

Ms. Katherine Douglas 

Mr. Richard L. Bullock 
NASA JohnJon Space Cenler 

NASA JOlmaon S-Ce CenIer 

7. 

? 

e 

4 

Mr. Jerry Kennedy 

Mr. William Culpepper 
TRW. lnc 

NASA JohnSon Space Center 

Structural Analysis of Evolution Station Concepts 

Environmental Control and Life Support System 

Mr. Paul Cooper 
NASA Langley Research Center 

Mr. Paul Wieland 
NAS& Marshall Space Flight COnfer 

... 
Vl l l  



Time Topic Presenter 

Wednesday February 7,1990 (continued) 

1:OO - 4 3 0  SESSION VI - GROUND OPERATIONS AUTOMATION 

NASA Johnson Space Center 
Session Chair: Mr. John Muratore 

Real Time Data Systems for Mission Control 

Transition Flight Control Room Automation 

Mr. John Muratore / Mr. Troy Heindel 

Mr. AI Brewer 
NASA Johnson Space Center 

NASA Johnson Space Center 

~ NASA Johnson Space Center 
I Intelligent Computer-Aided Training Environment Mr. Bob Savely 

Platform Management System (PMS) Evolution 

Automated PMS Scheduler 

Concepts in Distributed Planning and Control 

Mr. John Hartley / Mr. Mike Tilley 

Or. Carry Hull 

Or. Elaine Hansen / Or. Larry Hull 

,rC NASA GoMarc! Space Flight Center 

NASA Goddard Space Flight Cancer 

NASA Goddard Space Fbghl Center 

' I r  

Thursday February 8,1990 

8:30 - 1 1  :OO SESSION VI1 - OPERATIONS EVOLUTION 
Session Chair: Ms. Karen Brender 

NASA Langley Research Center 

830 - 11 :OO 

11:oo- 12:w 

12:00-4:00 

Operations Analysis for Evolution Station Concepts 

Vehicle Processing Operations Database (VPOD) 

Onorbit Assembly and Servicing Task Definition 

Advanced Robotics for In-Space Vehicle Processing 

Advanced Automation for In-Space Vehicle Processing 

Space Vehicle Deployment form Space Station 

Graphical Analysis of Mars Vehicle Assembly 

Ms. Karen Brender 
NASA Langley Research Center 

Mr. George Ganoe 
NASA Langley Research Center 

Mr. Rick Vargo 
McDonMN Douglas. Kennedy Space Center 

Or. Jeffrey Smith 
NASA Jecr Propulsion Laboratory 

Dr. Michael Sklar 
McDOnnCll Douglas. Kennedy Space Center 

Mr. Paul Henry 
NASA Jet Propulsmn Laboratory 

Mr. Kevin Lewis 
NASA Johnson Space Center 

SESSION VI11 -SPACE STATION INFdRMATlON SYSTEMS 
Session Chair: Mr. Del Weathers 

Space Sotton Freedom Program Ollice 

Data Management System Advanced Automation 

Operations Management System (OMS) 
Global Fault Detection I Isolation 
OMS Event Evaluator and Scheduler 

Automated Software Development Workstation 

Technical and Management Information 
System Design Knowledge Capture 

Evolution Paths for Advanced Automation 

Ms. Katherine Douglas I Mr. Terry Humphrey 

Mr. Matt Hanson 
NASA Johnson Space Center 

Mr. Rick Eckelkamp 
NASA Johnson Space Center 

Mr. Ernie Fridge 
&*SA Johnson Space Centar 

Dr. John Boose / Or. Jeff Bradshaw I 
Dr. David Sheema I Or. Stanley Covington 

Ms. Kathy Healey 
Booing Advanced Technology Center 

NASA Johnson Space e n t e r  

Lunch - Hzrbour Club 

SESSION IX - ADVANCED AUTOMATION ENVIRONMENTS 

Amas Research Center 
Session Chair: Or. Henry Lum 

CLIPS/Ada Programming Tool 

ART/Ada Programming Tool 

Mr. Chris Culbert 
NASA Johnson Space Cknfer 

Mr. Chris Culbert 
NASA Johnson Space Center 

i X  



Time Topic Presenter 

Thursday February 8,1990 (continued) 

KnowledgeBased System Vexiffcation and Validation 

Intelligent Systems Engineering Methodology 

Software Support Environment Design Knowledge 

Ms. Sally J&”I 

Or. Bruce Bullock 
ISX (nc 

Mr. Tom Oollman 

N*Y wbf 

Capture NASA U.rr)uN SpUO %M 

Advanced OMS Architectures Testbed Mr. Terry Grant 
NASA A m  A.se.rch U n t U  

12:oo - 3:oo 

Spaceborne Autonomous Multiprocessor System 

Information Sciences Experiment System Architecture 

Mr. Alan Fernquist 

Mr. Nick Murray / Mr Steve Katrberg 
NASA A m  &SO- Curter 

NASA Langky Rewarch h t e r  

SESSION X - TELEROBOTICS TECHNOLOGY AND APPLICATIONS 

NASA Headquanets 
Session Chair: Mr. Wayne Zimrnerman 

JPL Shared Control Architecture 

JPUKSC Robotic Inspection 

Robotic Assembly 01 Large Space Structures 

Space Station IVA Payload Robot 

Advanced Human-System Interface 

Or. Paul Backes / Or. Samad Hayati 

Mr. Brian Wilcox / Mr. Leon Davis 
NASA WI PropulSiOn LabWatOW 

NASA JCI PropulSiM LBbOraIOfy I 
NASA Kennedy Space Cenlef 

Mr. Ralph Will / Mr. Marvin Rhodes 
NASA Lwngky f?ewarch Center 

Mr. E. C. Smith 
NASA Manha//  Space Flight Confer 

Or. Mike McGreevey 
NASA AWS Research cmter 

3 

c 

X 



SESSION Vlll 
SPACE STATION INFORMATION SYSTEMS 

Session Chair: 
Mr. Robert Nelson 

Space Station Freedom Program Office 



I '  
a 

z 
LLI 
I- cn 
)I cn 
I- 
Z 
W z 
W 
(3 

z a a 
a 
a l- 

a 
W 
a, 
0 
n 

a 
n 

W 
0 z 
> 
4 

J 

343 



DATA MANAGEMENT SYSTEM (DMS) 

ADVANCED OPERATING SYSTEM STUDY 

ABSTRACT 

I The Space Station Freedom's Data Management System (DMS) 

provides the common hardware and software needed by onboard 

systems such as the guidance, navigation and flight control 

system and the environmental control and life support system. 

One of the most important of the common software items used 

by all onboard systems is the DMS standard data processor's 

operating system. 

to accommodate significantly more onboard application 

software. The most cost-effective approach is to insert 

additional processors in existing onboard computers using the 

Intel Multibus I1 backplane. This will require an upgrade of 

the operating system to include multiple processor 

management. 

application software and other DMS system software, this 

operating system upgrade must consider the combination of all 

the old requirements with the new. The purpose of this study 

is to investigate the current and future operating system 

requirements for the space station DMS and to identify viable 

solutions to the problems of acquiring, transitioning to, and 

maintaining an advanced operating system which meets these 

requirements. 

A future upgrade of the DMS will be needed 

In order to minimize changes to the existing 
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ABSTRACT 

The purpose of this project is to address the global fault 
detection, isolation and recovery (FDIR) requirements for 
OMS automation Whin the Space Station Freedom 
program. This shall be accomplished by developing a 
selected FDlR prototype for SSFP distributed systems. In 
particular, FDlR functionality for the management of 
ground and onboard computer networks will be 
prototyped (initially in JSC’s SSCC test bed). The first of 
five incremental prototypes is currently in its coding 
phase, and will be demonstrated in January 1990. The 
final prototype is planned for a March 1992 demonstration. 
The prototype shall be based on advanced automation 
methodologies in addition to traditronai software methods 
to meet the requirements for automation. A rule-based 
expert system driven by an object- oriented model of the 
physical network is being prototyped to accomplish this. 
The flow of the system executive and diagnostic process 
are ovewiewed, and the progression of the project 
through incremental prototypes is outlined. The intent is 
to develop a system that can be transitioned to 
operational status, and to Identify hooks and scars to 
make ft so. Another goal of this project is to establish an 
approach to distributed system FDlR that can be related to 
other station-wide faun management systems. In this 
light, the advantages and lessons-learned of the 
implementation will be discussed throughout the project 
via regular briefings and technical documentation. 
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INTRODUCTION 

This is a Code S RTOP sponsored by Gregg Swietek at 
Headquarters. It has been contracted to Ford Aerospace 
Corp. in Houston, and locally monitored by Cathetine 
Williams through Mike Kearney’s Network and 
Communications Systems Development Branch (within 
the Systems Development Division). At Ford, It is 
principally manned by Matt Hanson (technical lead), Eric 
Taylor, Charles Copeiand and John Engvall (Advanced 
Research Section Head). The Ford people are members 
of their AI Lab, which was established in 1983. 

The Space Station Operations Management System 
(OMS) will automate major management functions to 
coordinate the operatlons of SSFP systems, elements and 
payloads. The objectives of OMS are to improve satety, 
reliability and productivity while reducing maintenance 
and operations cost This wlll be accomplished by using 
advanced automation techniques to automate much of the 
activity normally performed by the flight crew and ground 
personnel. The OMS is a set of functions which includes 
application software and manual interactions with the 
Freedom Station either from onboard or on the ground. 
OMS requirements have been organized into twelve 
functional groups for both OMA and OMGA. 

The scope of this prototyping effort falls within the 
Station-Wide Fault Management (SWFM) requirements 
group for OMS. Prototyping will center on the application 
of advanced automation techniques to computer network 
FDlR for ground and onboard computer networks. This 
selection wiii provide a real FDlR scenario (a. a 
simulation) that will provide valuable experience In 
advanced automation applied to distributed system FDIR. 
The prototypes will operate via “controlled mode,” giving 
the user the various levels of override and general control 
required of OMS FDIR. 
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BACKGROUND 

Distributed processing is replacing the central 
processing/dumb terminal archttecture for command and 
control. The NSTS Mission Control Center Upgrade, the 
DMS and SSCC architectures are all representative of this 
trend. This evolution presents many advantages, but adds 
the complication of managing the distributed ptOCeSSing 
across these networks. 

Fault Detection, Isolation and Recovery for these networks 
is the application focus of this prototyping effort. Since 
the target environment physically exists, valuable 
experience will be gained in applying advanced 
automation to FDlR on distributed systems. Our goal is to 
demonstrate this application and its archltecture on JSC's 
SSCC and OMS test beds. 

Computer network FDlR is integral to global FDlR. Many 
onboard system problem scenarios will be directly 
attributable to failure of computer network components. 
The primary functional goal of this prototype is to 
demonstrate rapid FDlR capability that is sensnlve to the 
misslon safety and mission success priorities of individual 
processing nodes. Thls application would aid and serve 
the network administrator. Another major goal is the 
design and demonstration of a knowledge-based System 
architecture that can be generally applied to FDlR 
applications for distributed systems. 
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APPROACH 

In our approach we target an FDDl (flber Distributed Data 
Interface, 100 Mbps token ring) backbone with various 
subnet topologies. These subnets will be token passing 
busses or token passing rings to represent the DMS, and 
ethernets to represent a likely SSCC scenario. 

Through our initial prototype baseline activity, we have 
selected an architecture and tool set. The architecture is 
overviewed on the next slide. This slide lists the tools 
we’ve selected. The system is being developed on a Sun 
workstation, with the objective of making it 
Unix-transportable. MITs X-Windows will be used as the 
user Interface for windows, graphics, and user event 
handling. X-Windows has broad industry support as a 
de-facto standard. Our design employs object oriented 
programming to model the network topologies. The 
rationale for the models will be explained on the next slide. 
C+ + is being used to implement these models. The 
production systems are being developed using 
Production Systems Technologies’ Ops83. Ops83 is the 
fastest production system we’ve bench-marked, features a 
programmable recognize-act cycle, and interfaces readily 
to the rest of the selected tools. Hardware vendor 
independence is highly desirable, and applications 
developed using these tools have proven to be readily 
transportable across Unix workstations. 

The initial prototype will simulate the physical network 8s a 
dynamic data source for the system. Just as in aircraft 
simulators, this approach will allow training for difficult 
scenarios wlthout actually “crashing” anything. Beyond 
training, the simulator will make the KBS heuristics 
development simpler, and will provide for effective 
demonstrations. The Initial prototype is scheduled for 
mlddanuary. 
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APPROACH (cont.) 

Four more incremental prototypes will follow the first at 
approximately 24-week intervals. m e  intermediate 
prototym wlll interact wtth network hardware on JSC’s 
SSCC test bed. A Abronics FDDl system is currently in 
place on this test bed, and we are currently investigating 
COTS solutions to provide the KBS with the monitoring 
capability and control authority desired. The simulator will 
continue to be refined throughout the project. In addition, 
a major emphasis will be to add robustness to the KBS 
heuristics during development of the second, third, and 
possibly fourth prototypes. 

The fourth and fifth (final) prototypes will continue to add 
robustness to the simulator and to the KBS’s FDlR 
capability. For these, SSFP-spedfic FDlR scenarios wlll be 
developed and demonstrated as SSFP operations 
concepts mature. This will involve recovery steps 
sensitive to processing node priorhies concerning mission 
safety and mission success. We also have a goal of 
Interacting with other OMS prototyping efforts. For 
example, the prototype could provide feedback to 
planning functions concerning network reconfiguration 
scenarios. 
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APPROACH (cont.) - PROTOTYPE-1 OVERVIEW 

This figure show an overview of the first prototype. The 
SYStem process contains the exewthre and keeps an 
object- oriented model of the physical network at hand for 
KBS processes to perform FDlR heuristics on. The 
executive spawns all other processes, and Is the 
"heartbeat" of the system. The process flow that describes 
this heartbeat is Illustrated on the following slide. The 
OOP model of the physical network contains a facsimile of 
the basic network configuration and dynamic status of the 
network. Dynamic status is updated through unsolicited 
error messages from network nodes and asneeded 
polling of the network nodes. Polling demands may come 
from KBS processes or the network administrator. 

The SlMulation process is similar to the SYS OOP model. 
This is the network malfunction simulator. System fault 
requests from the user interface will be translated to 
symptoms and error messages that would be visible to the 
executive through OS1 network management services and 
protocols. 

The KBS and User Interface processes are shown 
interacting with the executive. This interaction Is 
described in the high level process flow on the following 
slide. For KBS development and demonstration, the 
"game" of the system will be to correctly diagnose the fault 
that was "Injected" into the SiM model based on error 
messages and retrievable system parameters. Having 
achieved this, the next step would be to recommend a 
recovery plan. All or part of the plan may be executed 
aUtOmatiCalfy depending on the control mode and the 
existence of control mechanisms. 
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APPROACH (cont.) - PROTOTYPE PROCESS FLOW 

This figure describes the system heartbeat referenced in 
the previous slide. The User I/F process 15 shown 
interacting with all stages of the process flow. 

The SIM model first handles malfunction requests from 
the user. The cancurrent processing of the SIM is not 
shown here, but suffice to say that it inserts the 
malfunctions into the model. The SIM objects respond by 
having their member functions simulate the symptoms of 
the malfunction. Some of these symptoms are 
asynchronous error messages sent to the SYS. 

The error message queue is checked for new messages, 
which are then heuristically mapped to "problems." 
Heuristics are then used to organize the problem 
instances into cause-effect relationships. The purpose is 
to isolate root problems for diagnosis. 

The importance and severity of each problem is 
determined, and the highest priority problem is passed to 
the Diagnostic Process. The priority of the problem may 
also be a function of tts solvability. If test results are 
required for further diagnosis, the priority may be lowered 
until the results are available. m e  Diagnostic Process, 
shown as the last box in the cyde, is expanded on the 
following slide. 
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APPROACH (cont.) - DIAGNOSTIC PROCESS 
Before analyzing the highest priority problem passed In, 
the Diagnostic Process takes care of any unfinished 
business. me test results queue is checked to see tf there 
are any new results ready from previous requBs1s to fun 
test procedures. If there are (and if they apply to the 
problem the KBS is currently working on), the KBS uses 
them to draw conclusions about tts list of potential 
diagnoses. tt may confirm the diagnosis and notify the 
network administrator of recovery recommendations, or it 
may add or remove candidate diagnoses from its list for 
this problem. 

Note that the test results may involve problems that are 
currently "suspended." These problems may receive a 
higher priority now that more data is available. 

The highest priority problem is now compared to the 
current problem. If different, the current problem Is 
"suspended" In favor of the higher priority problem. A list 
of candidate diagnoses is generated If this is a new 
problem, and the list is ranked by likelihood. 

Test procedures are then heuristically selected, to confirm 
or deny candidate diagnoses. Note that these test 
procedures may range from simple status gathering to 
employing technfdans to carry out complex procedures. 

The "A" exiting the last box returns control back to the top 
of the Process Flow. Note that this Diagnostic Process 
assumes that only one problem Is being diagnosed at any 
given time. This concept can be extended by spawning 
concurrent diagnostic processes. We are currently 
evaluating this mechanism for possible inclusion in future 
prototypes. 
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RESULTS ACHIEVED/EXPECTED 

The frontad of this project consisted of several trade 
studies encapsulated as the Baseline Study. Through 
these studies, we formulated the initial prototype 
application focus, hardware and software hosting 
decisions, and projected the path of the remaining 
prototypes. We regret the title of this tech note, as it has 
been misconstrued as an attempt to baseline OMS FDlR 
requirements. 

As of this writing, we are right in the middle of the first 
prototype’s coding cycle. After it is demonstrated In late 
January (1990), we plan to publish a tech note further 
detailing the design, lessons learned, and the functional 
goals of the remaining incremental development. 

The goals of the first prototype are to completely shell the 
user interface and establish its major functions, to 
establish the SYS and SYM object-oriented models and 
their primary member functions, and to integrate the 
rule-based production system. We plan to have at least 
one or two FDlR scenarios built in for the purposes of 
evaluating our production system interface and 
demonst ration. 
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BASELINE IMPACTS, DESIGN REQUIREMENTS & 
TRANSITION PLANS 

In choosing our prototyping tools and environment, w8 
have attempted to balance the need to use tools that allow 
us to prototype rapidly, with the desire to wind up with a 
system that may be transltioned into operations. In 
choosing tools, we constrained ourselves to 
''conservative" advanced automation technologies that are 
supported by SSFP documentation. In particular, 
rule-based programming and object-oriented 
programming are Identified as SSE ESDE (Expert System 
Development Environment) attributes. The actual ESDE is 
as yet undefined, however. 

We anticipate that many of our computer network FDlR 
scenarios will be general purpose, requiring little 
adaptation. However, there will also be several needing 
adaptation to actual onboard and ground computer 
network topologies and operations concepts. Similarly, 
we plan to flag computer network design requirements for 
this type of advanced automation as we uncover them. 
We have baselined the general topologies and standards 
that we believe will be applied to SSFP, though the 
standards and designs are still moving targets. We 
anticipate that this approach wlll minimize both the 
hooks-and- scars requirements and transition plans as 
much as possible, though they will most likely still be 
considerable efforts. As these impacts clarify during the 
prototyping process, they will be addressed In our regular 
status reports and documentation. 
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CONCLUSION 

This is a prototyping project to investigate the application 
of advanced automation techniques to the OMS FDlR 
requirements group. m e  application focus for this 
prototyping effort is SSFP computer network FDIR. The 
system Is being built wtth the controlied mode 
requirements spedfied for OMS FDlR functions. Such a 
system would be a valuable companion to the network 
administrator In more etticiently detecting, isolating and 
recovering from malfunctions. This will result in increased 
mission safety and success, and lower operating costs. 

This application can be abstracted to performing FDlR on 
a distributed system. Therefore, its advantages and 
disadvantages will be known as other station-wide fault 
management systems are designed and developed. 

Our goal is to prototype a system that can be transitioned 
to operational status. In addition, we are building in the 
capability for the system to perform as a training device. 
From an operating system, OS1 standards and network 
topology viewpoint, the system should be adaptable to 
SSFP computer network environments. The heuristics 
built into the knowledge based system will probably 
require a moderate transition effort. We plan to minimize 
this by interacting with SSFP design and operations 
concepts efforts. 
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ABSTRACT 
Software development is a serious bottleneck in the construction of 
complex information systems development and evolution. The 
heaviest development cost tends to occur in  the early part of the life 
cycle during requirements generation, requirments analysis, design, 
and application development. Maintenance cost are even more. An 
increase of the reuse of any of the software "parts" used in these 
activities has been viewed as a way to relieve this bottleneck. One 
approach to achieving software resuabili ty  is through the 
development and use of software parts composition systems. A 
software parts composition system is a software development 
environment comprised of a parts descripti on language for modeling 
parts and their interfaces, a catalog of existing parts, a composition 
editor that aids a user in the specification of a new application from 
existing parts, and a code generator that takes a specification and 
generates an implementation of a new application in a target 
language. The Automated Software Development Workstation 
(ASDW) is currently an expert system shell that provides the 
capabilities required to develop and manipulate these software parts 
composition systems. The ASDW is now i n  Beta testing at the Johnson 
Space Center. Future work centers on responding to user feedback 
for capability and usability enhancement, expanding the scope of the 
support for collecting, representing, and manipulating knowledge 
during the early phases of the information system lifecycle, and in 
providing solutions for handling very large libraries of reusable 
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INTRODUCTION 

Goals 

The ASDW (Advanced Software Development Workstation) task is 
researching and developing the technologies required to support 
CASE (Computer Aided Software Engineering) with the emphasis on 
those advanced methods, tools, and processes that will be required to 
support all of NASA. Immediate goals are to provide research and 
prototype tools that will provide near term productivity increases in 
projects such as the SSE (Software Support Environment), the SSCC 
(Space Station Control Center), and FADS (Flight Analysis and Design 
System) which is used to support the STS. Goals also include 
providing technology for future SSE and operational systems by 
adding knowledge based system support to all phases of information 
systems development, evolution, maintenance, and operation. 

* 

9 

h 



INTRODUCTION 

Goals: 

* RESEARCH AND DEVELOP KNOWLEDGE BASED TECHNIQUES FOR 
REUSE OF SOFTWARE ARTIFACTS TO SIGNIFICANTLY IMPROVE THE 
PRODUCTIVITY IN THE DEVELOPMENT, OPERATIONS, AND 
MAINTENANCE OF INFORMATION SYSTEMS. 

* REDUCE THE EFFORT INVOLVED IN BUILDING SOFTWARE PARTS 
COMPOSITION SYSTEMS 

* RESEARCH AND DEVELOP THE "FRAMEWORK" FOR ACQUIRING, 
REPRESE"G, INTEGRATING, AND TRANSLATING THE KNOWLEDGE 
REQUIRED TO DEVELOP AND OPERATE INFORMATION SYSTEMS 

* RESEARCH AND DEVELOP AN INTEGRATION "PLATFORM" 
PROVIDING COMPUTER AIDED SOFTWARE ENGINEERING (CASE) 
METHODLOGIES, TOOLS, AND CONCEPTS FOR DEVELOPING 
INTEGRATED INFORMATION SYSTEMS 



INTRODUCIlON (CONTINUED) 

Background 

Phase I (October, 85 to April, 87) demonstrated the feasibility of a 
knowledge based approach to application generation in a limited 
domain. Phase II(Apri1, 87 to February, 89) investigated ways to 
exploit the use of knowledge representation, retrieval, and 
acquisition techniques. A prototype demonstrated a knowledge based 
system for the development of software parts composition systems 
(ie, a software parts composition shell). Phase I11 (March, 89 to 
December, 89) prototyped ways to handle the scale-up problem 
(1000-1 00000 objects), prototyped ways to automatically generate 
the taxonomy, and initiated two Beta test projects at JSC. One test 
project is to generate trajectory mission planning simulations from 
software parts and the other is to provide expert assistance to 
operational users in setting up input data for simulations. The 
projects will support the SSCC and FADS. During Phases 2 and 3, the 
project also began joint activity with the USAF studying the 
information requirements of information systems, their integration 
and development processes, the methodologies required, and the 
integrated tools and integrated knowledge base that supports this 
development. The USAF is providing around $300K annually to study 
the modeling , methodologies, in formation requirements of 
manufacturing information systems, and to develop prototype tools. 
Modeling is based on the USAFs IDEF methodologies. JSC added funds 
to expedite the development of two methodology tools and a 
computer assisted tutor to educate developers in the proper use of 
the methodologies. 



INTRODUCTION (CONTINUED) 

Background 

* PHASE I (10/85-4/87) PROTOTYPE DEMONSTRATED THE 
FEASIBILITY OF A KNOWLEDGE BASED APPROACH TO APPLICATION 
GENERATION IN A LIMITED DOMAIN 

* PHASE I1 (4/87-2/89) INVESTIGATED WAYS TO EXPLOIT THE USE 
OF KNOWLEDGE REPRESENTATION, RETRIEVAL, AND ACQUISInON 
TECHNIQUES. A PROTOTYPE DEMONSTRATED A KNOWLEDGE BASED 
SYSTEM FOR THE DEVELOPMENT OF SOFTWARE PARTS COMPOSITlON 
SYSTEMS (E, A SOFTWARE PARTS COMPOSITION SHELL). 

* PHASE I11 (2/89-12/89): 
* PROTOTYPING WAYS TO HANDLE THE SCALE-UP PROBLEM (lOO0 - 
100000 OBJECTS) 
* PROTOTYPING WAYS TO AUTOMATICALLY GENERATE THE 
TAXONOMY 
* INSERTING THE ASDW TECHNOLOGY INTO AN ONGOING SSF'P 
PROJECT, THE OPAS (OPERATIONS PLANNING AND ANALYSIS 
SYSTEM) AND PROTOTYPING SUPPORT TO THE STS'S FADS (FLIGHT 
ANALYSIS AND DESIGN SYSTEM) 
* INITIATED THE PROTOTYPING OF INFORMATION SYSTEM 
METHODOLOGY TOOLS FOR KNOWLEDGE ACQUISTION AND MODELING 

A 



FY89 ACHIEVEMENTS 

A 

I 
I 

4 

All FY89 objectives were successfully met and today, ASDW is a basic 
shell for supporting the reuse of stored information whether it be 
about software artifacts 
object managment and rule based constraint handling as well as a 
sophisticated "point and click" textual user interface (called 
"specification-by-reformulation") that models the way people 
communicate among themselves. A neural net approach has been 
implemented to handle the large number of information objects that 
can be stored and a capability to automatically generate the 
taxonomy of objects was incorporated. An extensive "Help" system 
using hypermedia technology was also implemented. The system was 
put into field testing during the last quarter of FY89. One Beta test 
supports the OPAS (Operations Planning and Analysis System) 
project which is part of the SSCC. The other Beta test supports FADS 
which is associated with the STS's MCC (Mission Control Center). 

or any other design artifact. It contains 
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FY89 ACHIEVEMENTS 

* ALLEXPECTED RESULTS WERE SUCCESSFULLY ACHIEVED 

* SPECIFICATION-BY-REFORMULATION USER INTERFACE 

* KNOWLEDGE REPWENTATION FOR DOMAIN, SOFIWARE, AND 
"KNOWLEDGE BASE OBJECTS 

* ASSOCIATIVE MEMORY (NEURAL NETS) APPROACH TO HANDLING 
LARGE NUMBERS OF WORMATION OBJECTS 

* AUTOMATIC TAXONOMY GENERATION OF THE KNOWLEDGE BASE 
0- 

* HYPERMEDIA "HELP" DOCUMENTATION 

* TWO BETA TESTS WERE INITIATED. ONE SUPPORTS THE SSCC AND 
THE OTHER SUPPORTS THE MCC 



FY90 OBJECTIVES 

R 

I 

cc. 

The objectives for FY90 are to support the user requested 
enhancements that develop during field (beta) testing, improve the 
usability of the system, and expand the scope of the life cycle that is 
supported. Scale-up must be continually addressed as reuse of a 
larger portion of the life cycle is addressed. "Internal" scale-up 
addresses the systems capabilities to efficiently handle large 
numbers of information objects while "External" scale-up addresses 
the presentation to the user so that helshe is not overwhelmed by 
the large amount of stored information. The development of the ESL 
(Engineering Script Language) will allow non programmers to 
develop applications and will also support rapid prototyping. The 
development of a "Management Framework" will be initiated that 
will guide the users to the correct knowledge acquisition for the 
system being developed. The development of knowledge acquisition 
and modeling tools will permit the correct information to be 
collected. 
produce those utilities and uniform knowledge representations that 
will integrate these tools and their generated models and knowledge 
in a way that supports the reuse and sharing of knowledge between 
models and allows the translation and reuse of knowledge 
throughout the life cycle phases. 

The development of the "integration platform" will 

h 



FY90 OBJECTIVES 

* PROVIDE EN"CEMENl3 BASED ON USER FEEDBACK AS THE ASDW 
IS PUT INTO FIELD TESTING 

* CONTINUE ADDRESSING INTERNAL AND EXTERNAL "SCALE-UP" 
PROBLEM 

* ADD ESL FOR APPLICATION GENERATION AT THE "ENGINEER'S" 
LEVEL 

* PROVIDE A "MANAGEMENT FRAMEWORK" FOR ACQUIRING 
INFORMATION BASED ON THE CHARACTERISTICS OF THE 
INFORMATION SYSTEM BEING SUPPORTED 

* PROVIDE KNOWLEDGE ACQUISITION PROTOTYPE TOOLS AND AN 
"INTEGRATION PLATFORM" FOR COLLECTING, REPRESENTING, 
INTEGRATING, REUSING, AND TRANSLATING CASE KNOWLEDGE 
THROUGH THE LIFE CYCLE 



FY90 APPROACH 

The ASDW is now moving into phase IV which will significantly 
broaden its scope of influence. During Phase IV, CASE research and 
development will continue with the support of four organizations: 
Inference Corporation, Softech, the KBSL (Knowledge Based Systems 
Laboratory) at Texas A&M University, and the  NRC (National 
Research Council). Inference will provide the Object management and 
rule based support for the entire ASDW, the reusable software 
library management system, and the user interface for accessing 
parts, for specifying new parts, and for assembling them to create 
applications. These capabilities will be incorporated into the 
component called BAUHAUS. Softech will provide an ESL (Engineering 
Script Language) which should significan t l  y increase productivity in 
application generation. The ESL is a high level graphical language 
that permits engineers with a minimum of programming training to 
design applications that are populated with parts from the BAUHAUS 
library. Constraint checking of the graph and the parts selection will 
be provided. The ESL is based upon proven concepts which have 
been put into operations at the Naval Research Laboratory in a 
restricted domain . The ASDW effort will demonstrate its utility in 
the mission planning and analysis domain. The ESL will be integrated 
with the knowledge based library of reusable parts. The KBSL will 
add a "Framework" of the information requirements, methodologies 
(based on extended IDEF methodologies), integrated methodology 
tools, theory of information modeling (what models are required, 
when and how to produce them, how to use them, how to integrate 
their knowledge, etc), and the various developer and user roles 
across the life cycle. All of the activities i n  the Framework are 
configurable to match the characteristics of the information system 
being supported (eg, business vs engineering). The NRC will provide 
research into the use of expert systems to support the operational 
environment of the information system. This study will develop a 
method to acquire knowledge while an application is being 
developed, that can be used to help users to easily set up complex 
input data in the completed application. 



FY90 APPROACH 

* PROVIDE A KNOWLEDGE BASED ENVIRONMENT FOR THE 
DEVELOPMENT OF SOFIWARE COMPONENTS COMPOSITION SYSTEMS. 

MULTIPLE HARDWARE PLATFORMS 
BUILT BY INFERENCE CORPORATION ON TOP OF ART-IM To RUN ON 

* ADD AN ESL THAT IS AN EXTENSION OF THE OPERATIONAL 
GRAPHICAL LANGUAGE DEVELOPED BY THE NAVAL RESEARCH 
LABORATORY. THIS PERMITS "END USERS" TO DEVELOP 
APPLICATIONS 

* LEVERAGE USAF SPONSORED ACTIVITIES TO MODEL AND PROVIDE 
KNOWLEDGE BASED SUPPORT TO THE DEVELOPMENT AND EVOLUTION 
OF INFORMATION SYSTEMS 

* INCORPORATE USAF KNOWLEDGE ACQUISITION AND 
MANIPULATION CAPABILITIES 

* ADD A "MANAGEMENT FRAMEWORK" THAT COORDINATES ALL OF 
THE ACTIVITIES WITH THE CHARACTERISTICS OF THE INFORMATION 
SYSTEM 

* ADD AN "INTEGRATED PLATFORM" THAT PROVIDES INTEGRATED 
METHODOLOGIES, UNIFORM KNOWLEDGE REPRESENTATION, AND THE 
CAPABILITY TO TRANSLATE (REUSE) KNOWLEDGE BETWEEN 
METHODOLOGIES. 

* PROVIDE AN AUTOMATED USERS GUIDE CAPABILITY WHICH WILL 
BE THE TRONT END" OF A LARGE, COMPLEX, TRAJECTORY 
SIMULATIONS SUPPORTED BY ASDW 

. 



TRANSITION PLANS 

I *  

t 

Field testing by users in JSC's mission planning community will be a 
major thrust in FY90. The user interface will be made more graphical 
with the capability to directly define applications from a block 
diagram point of view. Expansion of the number of objects will be 
increased to handle a volume in the neigborhood of 100,OOO. The 
modeling, generation, and reuse of early life cycle artifacts will be 
added along with the capability to use a common representation of 
their information content and methods for them to share common 
information. In FY91, a "Management Framework" that will guide the 
knowledge aquisition and modeling process, the proper use of 
modeling tools, and the selection of the proper methodologies to be 
used, as a function of the characteristics of the information system 
will be developed. This Framework will be supported with a platform 
of integrated services and a knowledge representation language that 
will integrate modeling tools used to define the information systems. 
These modeling tools will enforce the correct use of the 
methodologies. Also during this period, field testing support will 
have defined techniques to support users i n  acquiring knowledge 
required to operate the developed information system and and will 
provide capability to assist users in the set up of operational data 
input with knowledge base expert assistance. 

All of this CASE research is general in scope and should benefit most 
NASA programs. Direct use of this research and field testing is 
currently with the SSCC, the MCC, and the SSE. 



TRANSITION PLANS 

* THE CASE RESEARCH AND DEVELOPMENT IS GENERAL IN ITS SCOPE 
AND SHOULD BENEFIT MOST NASA PROGRAMS 

* SPECIFIC FIELD TESTING IS OCCURRING CURRENTLY IN OPAS (AN 
SSCC PROJECT) AND FADS (AN MCC PROJECT). BOTH P R O J E m  HAVE 
"HE FOLLOWING CHARAmRISTICS THAT ASDW FITS: 

* SOFTWARE DESIGN AND CODE REUSE 
* INTEGRATION PLATFORMS 
* MANAGEMENT OF HUGE AMOUNTS OF INFORMATION 
* OPERATIONS HAMPERED BY TOO MANY CONSTRAINTS TO BE 
EASILY REMEMBERED BY HUMAN USERS 
* SHORTAGE OFEXPERIENCED PERSONNEL 
* USE AN APPLICATION GENERATOR CONCEPT 

* FIELD TEST TEAMS INCLUDE ASDW AND PROJECT PERSONNEL 

* SSE NEGOTIATIONS ARE IN PROGRESS 

* "FRAMEWORK", INTEGRATION PLATFORM, AND KNOWLEDGE 
ACQUISITION TOOLS (INCLUDING ENFORCED SYSTEM AND SOFTWARE 
MODELING METHODOLOGIES) SUPPORT BOTH THE SSE AND 
OPERATIONAL ENVIRONMENTS SUCH AS THE SSCC 



CONCLUSIONS 

The ASDW project successfully met all of its FY89 objectives and has 
reached a point where it can be put into useful service. Field testing 
is underway on two projects that could improve productivity in both 
the SSCC and the MCC. Productivity is achieved by supporting the 
reuse of knowledge and software artifacts. 

In FY90, user feedback and an increase i n  the scope of the life cycle 
supported will be the key drivers. The knowledge base will support 
both experts and novices. The system will improve the productivity 
of experts by helping them not to violate constraints that are too 
numerous for even an expert to constantly stay aware of. Novices 
will be supported by available knowledge that will support training. 
Both groups will improve productivity by the guidance in knowledge 
acquistion processes and the proper selection of tools and 
methodologies that are provided. Application development will not 
require as much programmer experience and the operation of 
applications will be assisted by expertise supplied by the stored 
knowledge. And' finally, the knowledge base will have a uniform 
representation that permits integration of knowledge across tools, 
methodologies, and life cycle activities. 



CONCLUSIONS 

ASDW IS CURRENTLY A SOFTWARE PARTS COMPOSITION SHELL 
THAT IS BEING FIELD TESTED FOR PROJECTS IN THE SSCC AND THE 
MCC. IT SUPPORTS REUSE OF REQUIREMENTS SPECIFICATIONS, 
DESIGN, SOFWARE COMPONENTS, AND DATA INPUTS. 

FY90 AND BEYOND WILL: 
* BE D R "  STRONGLY BY USER FEEDBACK FOR E"CEMENTS 
* IMPROVE THE USER INTERFACE 
* IMPROVE THE PRODUCTIVITY OF DEVELOPING APPLICATION 
SOFTWARE BY ALLOWING "END USERS" (EG, NOT PROGRAMMERS) TO 
DEVELOP APPLICATIONS 
* BROADEN THE SCOPE TO COVER MORE OF THE ACQUISITION AND 
REUSE OF INFORMATION IN EARLY PHASES OF AN INFORMATION 

* DETERMINE THE CORRECT USAGE OF METHODS, TOOLS, PROCESSES, 
AND KNOWLEDGE AS A FUNCTION OF THE INFORMATION SYSTEM'S 
CHARACTERISTICS 
* PROVIDE KNOWLEDGE OF HOW TO INTEGRATE THE KNOWLEDGE 
BASES AND METHODOLOGIES REQUIRED FOR INTEGRATED 
INFORMATION SYSTEMS 
* PROVIDE AN AUTOMATED USER GUIDE TECHNOLOGY THAT SHOULD 
SIGNIFICANTLY REDUCE THE TIME REQUIRED TO GENERATE LARGE 
APPLICATION INPUT FILES FOR OPAS 
* IMPROVE TRAINING AND MINIMIZE THE TIME REQUIRED TO GET 
NEW PEOPLE PRODUCTIVE EG, HOW TO R U N  LARGE APPLICATIONS 

SYSTEMS'S LIFE-CYCLE 
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ROBOTIC ASSEMBLY OF LARGE SPACE STRUCTURES 

RALPH W. WILL AND MARVIN D. RHODES 

NASA Langley Research Center 
Hampton, VA 23665 

ABSTRACT 

The Automated Structures Assembly Laboratory (ASAL) has been developed at 
Langley Research Center for the purpose of identifying the problems associated 
with assembling large space structures using robotic manipulators, 
investigating systems and techniques applicable to such assembly tasks, and 
developing methodology for an in-space construction facility. The ASAL facility 
and its robotic manipulator system is described and a discussion of the initial 
series of assembly operations are included. The status of the system software 
development is summarized and an outline for follow-on testing and expanded 
capability is given. 
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pOBOTlC ASSEMBl Y TESTBED 

ObiectiveS; 

Identification of problems associated with assembly large space 
structures using robotic manipulators. 

Evaluation of systems and techniques applicable to space assembly 
tasks. 

Development of methodology for an in-space construction facility. 

Utilize standard industrial robot mounted on moving base to 
assern ble simple let rahedral truss. 

Evaluate sensor hardware, assembly techniques and planning 
systems. 



ROBoTlc  ASSEMBl ,Y TES TBED 

Obiectives and Approach; 
Most work in the robotic in-space assembly area has been confined to 

the study stage. Langley Research Center has developed a robotic assembly 
testbed to investigate automated assembly through actual hardware 
experience. Such experiments should identify real problems associated with 
the robotic assembly of space structures. The testbed facility utilizes a standard 
industrial manipulator mounted on a precisely-controlled motion base to 
assemble a simple tetrahedral truss made up of 102 two-meter-long struts. The 
program involves the progressive incorporation of robotics technology in areas 
such as sensors and planners to evaluate both systems and technique for 
automated assembly. 

The Automated Structures assembly program, a joint effort involving both 
the Structures and Flight Systems Directorates at LaRC, is also aimed at 
developing a generalized robotic assembly capability by considering other 
structural configurations and other assembly tasks such as module, utility and 
panel installation. This progressive approach to systems development and task 
capability is expected to generate generalized robotic assembly methodology 
for an in-space construction facility. 



/kcompIishmer& 

Testbed facility operational with motion base accuracies of .002". 

Development of truss assembly sequence and naming convention. 

Robotic assembly of 24-member truss ring using force/torque 
feedback. 

Preliminary evaluation of position and ranging sensor guidance. 

Development of robotic end effector for more general assembly tasks. 
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POBOTIC ASSEMBLY TESTBEQ 

The robotic assembly testbed facility has been operational since January 
1989 with a motion base positioning accuracy significantly exceeding 
specifications. Assembling testing began in February using manually 
determined assembly sequences for the tetrahedral truss structure. The 24- 
member inner ring of the structure was successfully assembled after several 
modifications to the assembly sequence. A forcehorque feedback algorithm 
was also developed for these tests when strut-node joining operations proved 
unreliable without sensor feedback. The sensor work has been continued in 
preliminary evaluations of position and ranging sensor hardware and guidance 
algorithms involving these sensors. 

A more generalized robotic end effector has been designed and should 
be operational by the end of the year. This end effector handles the struts one 
end at a time and is thus capable of installing struts of varying lengths, as well 
as suitably equipped modules and panels. This end effector also incorporates 
all improvements identified during the initial assembly tests. Robot positioning, 
collision-free paths, and assembly sequences have been determined for the 78- 
strut second ring of the tetrahedral truss and assembly testing is underway. For 
these tests, fully automated software with error recovery capability is being 
used. 
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/lssemblv Test Observations; 

Testbed facility motion base and manipulator accuracy is adequate. 

TruWnode joining concept of inserting strut into a captured node is 
necessary . 
Full end effector instrumentation and TV monitoring is essential. 

Force/torque feedback to achieve .001" positioning accuracy is 
necessary for joining. 

Positive actuation, as opposed to passive springs, is required for 
reliable end effector operation. 

Computer control is essential - details of assembly exceed operator 
ability. 

r 
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The initial 24-meter truss assembly tests yielded several significant 
results, some expected and some not. The testbed facility itself with its .002" 
positioning accuracy proved to be more than adequate for these operations. 
The strut-node joining operation, however, required considerably more 
positioning accuracy than anticipated. A force-torque feedback system was 
developed, providing an accuracy of .001", a level required for stable, precise 
structures. These accuracy requirements emphasize the necessity for a truss- 
node joining concept which involves inserting a strut into a captured node. This 
joining hardware must utilize positive actuation rat her than passive spring-type 
mechanisms in order to insure reliable operation with the accuracy constraints. 

It also became apparent that full instrumentation of all end effector 
operations is essential for automated assembly. End effector-mounted TV 
cameras are also needed for operator monitoring and verification of end effector 
functions. Signal line limitations for end effector instrumentation and position 
sensors make on-board processing for assembly end effectors very attractive. 
The complexity of the assembly operations and the amount of information 
involved exceeds the capability of human operators. The great majority of 
failures encountered during the initial assembly tests were directly attributable 
to operator error. 



ROBOTIC ASSEMBI 'Y TF'STBED 

Future Resea rch Act ivitiez 

Develop sensor guidance techniques for assembly operations. 

Evaluate generalized end effector for a variety of tasks including 
module installation and curved truss assembly. 

Develop path planning and sequence planning techniques. 

Evaluate 3-0 graphics interface for operator monitoring and 
automated planning . 
Investigate coordinated motions of manipulator and motion base. 
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Future Resea rch Act ivitieg 

After completion of the complete 102-member tetrahedral truss assembly, 
the research on assembly systems and techniques will continue with the 
incorporation of the generalized single-ended end effector into the assembly 
system. At the same time, positioning and ranging sensor feedback will be 
introduced. This will eliminate the need to teach strut installation points by 
using sensors to track the node positions. A three level guidance technique 
utilizing knowledge of the structure's geometry, position sensors and the current 
forceltorque sensors will be evaluated for strut assembly. Path planning and 
collision avoidances algorithms based on structural geometry and 
supplemented by sensor information will be evaluated. 

More advanced planning systems to generate assembly sequences and 
alternatives in the event of failures will be developed along with 3-D graphics 
display techniques for operator monitoring of the planning systems. Other 
structural configurations involving varying length struts and module or panel 
installation tasks will be evaluated in the automated planning environment. 
These more complex tasks may also involve dynamic coordination between the 
robot arm, the end effector, and the motion base. 
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A p L  What is TEJAS? 

TEJAS Is... 

an Information system of related rnultl-media data 

-0 an task analysis tool for EVA and Telerobotics, that can form relational 
links between the two fields for any task, through their task primitives 

6 

a technology development planning tool for Telerobotics, to give * 
definitive direction for the needed technology push 

a disk-based reference for EVA and Telerobotlcs 

a set of hypermedia stacks that can be used individually, collectively, 
or card-by-card In many other applications 

... built within an object-oriented programming environment that comes 
FREE with and runs on any Macintosh personal computer (22 Megs RAM) 

JpL TEJAS FY 89 Participants 

Wayne Zimmerman: tool specification, basic system design, periodic review, 
project management 

Dr. Bert Hansen: project management (JPL Code ST Projects) 

Michael L. Drews: tool specification, software/hardware selection, 
basic system design, detailed stack designs 81 scripting, stack development, 
project management, reporting 

Doug McAffee: TeleSystems stack detailed design and implementation 

4 

1 

Paolo Fiorini: TeleTechnologies definitions and forecasting 

Dr. Paul Schenker: TeleTechnologies definitions and forecastlng 

Jeff H. Smith: interactive definition and compilation of Telerobotics and EVA 
task primitives, beta-testheview of TelePrirnitives and EVAPrirnItives stacks 
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JpL TEJAS Version 1.0 Features 

Relates EVA and Telerobotics through their specific task primltives. Clearly 
defines the generic primitive root, with a history and syntax (guide to usage). 

Interrelates EVA or Telerobotic verb primitives through use of Antonym and 
Llke Verb fields. 

Interrelates the Description and Outline, Assumptions, and Open Issues for 
any task, EVA or Telerobotic, then aids in bullding a specific primitives list to 
approximate the Outline. Can link and compare any of these between tasks. 

Relates any telerobotlc task and the associated assumptions to the 
Technologies required to perform that task under the stated circumstances. 

Provides detailed definition and forecasting on a 8-level readiness system 
for all telerobotics technologies in the database. 

THE ENTIRE INFORMATION SYSTEM is DYNAMICALLY UPDATEABLE: 
ADD AND ANALYZE ANY TECHNOLOGY, PRIMITIVE, ETC. IMMEDIATELY. 

A p L  TEJAS Basic Approach 

TEJAS takes elemental research compo 
technologies, and treats them as cards 

nei 
In 

Teleroboticr 

its, such as task primitives and 
shuffled decks: 

The cards can be disassociated from their 
traditional groupings and 
related freely, 
using the TEJAS 
scripts. 

~ 

‘h 





~ 

TEJAS W89 Final Report 

A p I  TEJAS Version 1.0 Reference Stacks Contents t?# 
EVA Primitives (EVAPrimitivesl: first-ever compilation of verb-oriented task 
primitives from major EVA Task Analysis Methodologies (TAMs) nationwide. 
Includes Verb, Definition, generic Syntax, Like Verbs (related terms, NOT 
synonyms), Antonym, and History fields. Helps standardize EVA TAM 
primitives, relate methodologies, and eliminate redundancles. 

Telerobotics Primitives (TelePrimltives): same information fields as above, 
~ 

but from teierobotics TAMs. More primitives than for EVA, more exact. 

Tele ro bo t ic s Tech nolo 4 le s (TeleTe c h no loa ies) : Individual def i n i t i o n s and 
forecasts (with histograms), via an 8-level technology readiness system, of 
all space telerobotics technologies. Includes NASREM area. 

I 

Telerobotics and EVA Glossarv of Terms (Glossarv): over 1100 commonly- 
used (and abused) terms, with up to three definitions (each with a source). 

Acronvms and Abbreviations Dictionarv (Acronvm): over 800 entries, up to 
five definitions (each with a source), from NASA It Industry documents. 

JpL TEJAS Version 1.0 Analysis Stacks Contents 

Task Summaries fEYATasks. TeleTasks): card summaries (one per task) of 
any EYA or Telerobotics task. Includes Task Name, Description, Outline. 

Task Assumptions (EYAAssume. TeleAssume): cards for listing assumptions 
about workplace, task fiow, tools, ORU's, etc. Aids in technology 
requirements analysis. One card per task. 

Task Open Issues tEYAlssues. Telelssues): cards for listing what is NOT 
resolved about a task being analyzed. One card per task. 

r) 

b 

L 

w 
SDecific Task stacks l e a .  EVATask.5267. TeleTask.5267): created @om Task 
Summaries, each stack collects task summary card, assumptions card, open 
issues, menus for generic EVA and Telerobotics primitives, syntax argument 
menus, and specific primitives cards for one task. Used to specify the task 
primitives for any task, and drive out technology requirements. Derivatives of 
that task (different assumptions, outline, tools, etc.) are quickly created, and 
the technology requirements analysis re-run. 
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JPL TEJAS Statement of Purpose 
Create a clear, consistent, repetitive, Interactive and exchangeable 

method of relating EVA and telerobotics, on various levels: 

Activity: Task, Subtask, Primitives 
Environment 

On-orbit astrophysical medium 
Worksltes and taskboards 

Tools and services, Jigs etc. 
External resources 

Work Systems 

Technologies 
FTS, JEMS-RMS, JEMS-SFA, MRMS, RMS, SPDM 

FY 1989 
Emphasis 

Sensing/Perception 
PlanninglReasoning 
ControVExecutIon 
Operator Interface 
System Architecture 

JpL TEJAS FY 1989 Scope 

Telerobotics 
T-kS 

Telerobotics 
Assumptions 

Teleroboticr 
Open Xssues * 

‘I, 
Tekrobotics 

Systems 

Telembotics 
PlimitiPes 

EVA 
EVA TaSkS 

EVA 
Assumptions 

Primitins 

EVA 
Open Issues 

.................................................................................................... 
..... 

...................................................................................................... .. 
i:: ... Telerobotics Telerobotics ::$; ... a EVA .:.:. 
:::<Acronyms & Glossarp $$ 

of Terms :g ::::: ..... Abbn~iathns  

... .. .. 
-.-.a 

.. ... ... .. .*.e. :: .. &EVA ... 
.. ... ... 

..*.e ...................................................................................................... .................................................................................................... .. ... ... ................................................ 
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~ 

Verb-based syntaxes for standardizing and relalhg generic primitives must 
be part of any compilation. They help auiomate the generic-,specific step. 

A p L  Generic Task Primitives' Evolution 
s' ........... ".? .......... " ............. ..........a .... .. .... .......... .... .................. 2 ....................... ..................... .:":::::::::E::::.::::::::::::::::::::~:::?::::~:::~:::::::::?:::~:::::::::::::::::::~:::.::::~.:::::::::::::::i:~:l:::::I:::::"::: EO 'Task Ranking for tho Teierobot Demonstration", 
::: 
KJPUSRI I:: Report- 1988: prellmlnary tolerobotlca prlmltlvoa 
~(toleprlmltlvrs) & EVA prlmlUvos llata 

4 
"Advancod Robotlcr for In-Space Vehlclo Proceaalng" 

(Interl-m), J.H. Smlth et .I JPL, 6/89: expandod 
toleprlmltlvos 6 EVAprlmltlvoa Ilsta 

'Flight Telerobotlc krv lcer Task Analysls Methodology", 
k S F C  MU1 4/89: oxpmdod teleprlmltlvos llst 

10 'Tolerobotic Appllcatlon to EVA Actlvltles', MDAC 10188: 
filteleprlmltlves, ... EVAprimltlvos, and an attempt at rdatlng 
&the two on p p o r  
;iniii i ieii i~~i?~i~?i~?i?i?i~?n?i?~???~i??ii~??~~i?i~?~i~iii i??~~??~???~?~~iii~i?i~?i?~~~~i~iii~ii~~iii?i???~?~~~i~?~~~~i?~~ 

0 Comments from EVA and telerobotlcs comrnunltles on / 
TelePrlmltlves 6 EVAPrlmltlves review lists July-Sept '89 

TelePi imit imS EVAPrimitives 

rerier release rerier release 
(generid (generic) 

<generic) <generic) 
v1To re lease  V1.0 release 

H. Smlth "ARISVP": speclfic teleprlmltlves derlved 
from TEJAS pro-releaso llat 

"Vehlclo Procesrlng Operations Data Coilectlon Sot 
(VPOD) ' CTA Inc. 6 LiRC 1989: speclflc teleprlmltlvos 

EVAPrimit ins  

JpL EVA and Telerobotics Primitives: Conclusions 

The basic steps of task analysis methodologies (TAMs) are similar between 
EVA and Telerobotics, up to a point (the outline). 

Primitives are universal objects of task analysis, with their kw/ set in each 
particular methodology. Primitives should be standardized, not the TAMs. 

Two kinds of primitives exist: g e m ' ,  and ipecmc . Generic primitives have 
generic arguments. Specific primitives follow by specifying these arguments. 
Generic primitives are therefore a finite set of roots; specific primitives 
change according to each task, and are a virtually uniimited set. 

b 

b 

EVA primitives are far more complex, but less numerous, than teierobotic 
ones, because a human can sense and identify, move etc. (multitasking). 

Links between EVA and telerobotics are through task- qiwc#k primitives. 
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JpL Specifying Technology Requirements 
Technology requirements depend on 
task analysis. Specification of: 
a) arguments of generic primitives, 
Including work system, operating mode, 
conditions, etc. and b) assumptions 
about the environment, the task, etc., 
will feed a decision matrix. TEJAS Is Glosrrry 

@ (Generic) P RELATIONAL by design, not of  Terms 
hierarchical. ANY hierarchy desired 
may be imposed on it without 
disturbing Its built-in versatility and 

indicate that deriving technologies Technologies 

Telerobotics Systems 

Q 

4 

primitives a Assumptions 

I 
I 

Telembotics/ nvms 

Acronyms & aprimitipes 
The numbered steps Abbrevktions (Specific) Tehmbo&s a 

may involve relationally 'skipping' 1 
about the stacks as needed, in any 
order the thought process requires. 
The end result is a technology 
development plan, with a critical path. 

DemlopmentPU 

D u e  Dater -- - - - 

A p L  specifying Technology Requirements 

Technology requirements derive from a need to perform a task under 
certain circumstances. The TEJAS software approach depends on the 
hypermedia program Hypercard to create specific verb primitives 
from generic ones, thereby relating the task at that level with 
assumptions, external resources (e.g. information on tools, services, 
acronymns, terms etc.), the environment, and the telerobotic system(s) 
used (FTS, JEMS-RMS, JEMS-SFA, MRMS, RMS, SPDM). Relational 
rules In an analysis stack are then built to Identify the required 
technologies. In determining !he critical path of development, 
technology forecasts drive the telerobot calendar; the telerobot's 
selected missions impose the due dates. 

L 

1 

To test its accuracy, FY89 TEJAS efforts focused on three teal on- 
orbit future tasks: Maintenance, Servicing and Assembly (with a 
payload) of the Orbital Maneuvering Vehicle (OMV). Results will be 
published with our Version 1.0 final report. 
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,lpL TEJAS Version 1.0 Limits 

What TEJAS V1.0 will NOT do: 
Analyze Tasks with BOTH telerobots and EVA crew performing work. For 

this version, It's elther/or. But FY90 efforts should make a mix possible, 
rlght down to specific primitives, while retaining the analysis capabilities 
as they stand. Telerobots and EVA crew can then be analyzed while 
Interacting both serially AND In parallel. This Is realism - the optimum. 
Telerobots will probably not fully supplement EVA crew for some time, but 
they are already working In concert with EVA (e.g. the RMS). This 
modification will allow realistic analysis of 'mixed' EVAITelerobot tasks. 

Create task timelines, although specific primitives have fields in them for 
time, frequency (within a task), etc., and can hold many more parameters. 
But automated timeline-building simply wasn't part of our FY89 objectives. 
It easily can be part of FY9O's. 

Cost forecasting for Telerobotics and/or EVA. Some of this is planned for 
FY90 as well. Its accuracy depends on realistic cost data - VERY scarce, 
and questionable when available. This may be the hardest goal of all. 

JpL TEJAS Proposed FY 90 Scope 

Telerobotics EVA 
TaSkS 

EVA 
Assumptions 

EVA 
Open Issues 

Telerobotics TaSkS 

Telerobotics 
Assumptions 

Telerobotics Telerobotics 
Open Issues Technologies 

Telerobotics 

Primitives Primitives 

Systems 

Interfaces 

Telerobotics Telerobotics 
& EVA & EVA 

Telerobotics Acronymns & Clossaxy 
Abbnviations of Terms 
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JpL TEJAS FY 90 Primary Objectives 

Use and mature the task analysis stacks, particularly the Assumptions 
stacks. Expand them to better define the environment and constraints, 
using some of the yet-to-be developed stacks (next page) as references. 

Further develop primitives stacks with feedback from the EVA and 
teierobotics community. Incorporate missing verbs, better syntaxes, etc. 

4 

Further develop TeleTechnologies stack. Identify missing technologies, 
complete all forecasting (with histograms), and analyze. Build in rules for 
automated derivation of technology requirements for each task, with trace. 

4 

Further develop TeleSystems stack. Provide summary comparison 
matrices between TeleSystems for physical characteristics and 
telerobotics technologies incorporated. Provide extensive relational iinks. 

Continue analysis of three OMV tasks, evolving better menus for 
specifying primitive arguments. Emphasize a realistic telerobotics/EVA 
parailel/serial operations mix. 

JpL TEJAS FY 90 Secondary Objectives 

Develop the following stacks: 
Extravehicular Activity: 

EVA Tools & Services - scanned stack copy of the popular catalog 
EVA Human Factors - scanned background data on reach, fatigue, etc. 
EVA Technologies - quantified stack for EVA, with forecasting (maybe) 

Teierobotics Subsystems - breakdown for each work system 
Telerobotics Hardware Elements - joints, iinks, motors, sensors, etc. 
Telerobotics Tools - similar to the EVA Tools 6 Services Catalog 
Telerobotics Costing and Cost Forecasting - addendum to the 
Te IeTec h n o log ies stack, pl u s so me bac kg round a Ig o ti t hms 

Te le robotics : 
(r. 

t 

Spacecraft : 
Orbital Replacement Units - a reference stack, based on the results of 

ORU Interfaces - scanned data on fasteners, plugs, surfaces, umbilicals, 

OMV Interface - scanned details on the interfaces referenced in the tasks 

the ongoing efforts In ORU standardization 

etc. Complimentary to both the EVA and Teferobotics Tools stacks. 
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TELEROBOTICS/EVA JOINT ANALYSIS SYSTEM 
(TE JAS 1 HOME CARD Extr 

?&robotics Activity (€Va l )  

JpL TEJASHome Stack 

e 

t 

Every system needs a root directory, a bottom line, a home base. 
In TEJAS, this is it. Most of the time, a user will never need to go back 
here. But If ever they get lost in the stacks, pressing on the TEJAS boot 
in the lower left-hand corner of EVERY card in EVERY stack will get 
them there. If they continue to press the boot, a menu appears with the 
stacks as choices (including several choices of 'Help'). Pulling up and 
releasing on any stack takes you directiy to the first card of that stack. 
It's another, simpler way to get around, bypassing the TEJASHome card 
and saving time. 
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j- 
IControl Algorithm I I Hybrid (PositionlForce) R Qp Definition: .t Source: TEJAS M. Drews et a1 JPL 1989 (M. DM 8189) 

1 I 
: :.:::::.:::.:.::::: 

I 4  I 

A control procedure that allows the 
designer of a robotic system to 
specify some of the degrees of 
freedom in position and the others in 
force. The underlying model for the $ 
degrees of freedom controlled in 
force is a spring whose stiffness can ii 

i ;  

li 
ir ..... 

be set by a gain matrix in the 
algorithm. This algorithm is ii 
essential to shared control, 

in contact with a surface. 
espeaally to MOVE commands while $ ! $ ! j l ~  ii'  I I I I 

I I 
I I 

This control mode is currentlv 

JpL TeIeTechnoIogies Stack 

Thls stack Is an in-depth attempt at compilation and standardization of 
informatlon about the technologies inherent in telerobotlcs. The cards 
store information about each technology, including a definition and a 
forecast of avallability, with eight different levels of readiness, based 
on a system from 'The Human Role In Space'' (THURIS) study of 1982. 
The source field is  actually three, superimposed and hidden until 
needed, to save space. They tel l  where we got the technology, its 
definition, and the forecast data. Another hidden field (Forecast Notes) 
puts restrictions on that forecast, If there are any. 

Although no standard of technology readiness levels has yet been 
specified by NASA, this system has been used extensively wlthln 
Space Station studies. If another system is  desired, i t  can easily be 
overlaid on the current information. The data shown can be changed, 
Including the histograms, at any time. in FY90, wo hope to better 
solidify this forecasting, and add approximate costs for each level. 
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Q 

t 

h e w s  et el JPL 1989(P. Schenker lOr89) 

such as probability, fuzzy, 
Dempster-Schafer or other decision 

current interest is focused on 

The forecast data refers to development of 
techniques for kinematic and dynamical 
control parameter estimation. As examples 
see work of authors such as Albus, Arbib, 
Barhen, Baron, Bekey 8 Iberall, Grossberg 
Kuperstein, Mlller, etc. Many current 
approaches are rooted in neuromorphic 
models inspired by human motor-skill 
performance. 

JpL TeleTechnologies Crit icality 

Previous technology studies have attempted to create lists of critical 
technologies, justifying the criticality (rank) of each on the 
circumstances of the study. But that leaves out a full treatment, 
because the "tali poles in the tent" are often more than the author has 
divined. Sometimes It Is as Important to know ALL of the technologies 
involved, critical or not, when assesslng a situation. 

TEJAS works differently to show the critical technologies. Once a task 
is bro)cen down into into verb primitives with the arguments specified, 
and the task assumptions stated, scripts take this data and, using a set 
of decision criteria (to be user-adjustable in Version 2.0, but hard set 
in Version l.O), specify the requirement for each technology for each 
prlmitive. These are compiled into a single list for the task. Then, 
based on the task mission date, the scripts show all technologies that 
will NOT reach Level 8 (full operational capability) by that date, in 
order of how many years behind they'll be. Change your forecast, 
rerun the analysis, and you'll get a different ranking. It's that simple. 
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3eC e r o b o t i c s  7 e c  hnoCogies 
lcorrelation 1 IFeature 

I? 

Source: 1EJASM.Drews et al JPL 1989(P. Schenker9189) 
A sensory data processing technique 6 
used to carry on automatic 

the related feature space. 

I I 
I I 
I I 
I I 
I I 
I I 

JpL TeleTechnologies Stack - More to Come 

This stack is meant to provide the reference point for many such 
analyses. There are HUNDREDS of technologies involved in 
telerobotics. Telerobot work systems Implement different sets of these, 
depending on the designers and their criteria. On-orbit tasks require 
different sets. For any task, change the assumptions, change the 
conditions, change the telerobot, and the conclusion of provision 
versus requirements for telerobot technologies will change too. 

We do not claim to have covered ALL of the technologies involved in 
telerobotics, in thls verslon of the stack. But those that are missing can 
be ADDED, quickly and easily, and take their place in the analysis. 
Treating technologies as objects gives you this flexibility. 

FY90 improvements may include decision matrices for technologies, 
because they are Interrelated. They can be competing, mutually 
exclusive, or mutually reinforcing. These relationships are the 
discriminators needed to decide what should be pursued, and when. 
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@ knowledge of the location of the $8 1960 2 I I I Ill t@ object's geometric center, within 2% - I I I 

NOTES TO THE READER: if you contrlbute a technology or definition to this 
stack and llst its source, that's great. Thank you. But If you contrlbute ALL of 
the technologies or forecast data from a source, or cross-correlate that source, 
that's even better, and needs to be noted here, so we know at a glance what this 
stack includes. Enter the source name & date with approprlate notes on a 
numbered Ilne at left below, and your name & date of entry on the 
corresponding ilne, Dlease. 

COYPUfE SQol2kS CHECKED ICOMP ILED COXTRIBUTOR & DATE 
1. "Flight Telerabotic Servimr Task Am1 p i s  Methodology", 
GSFC Mission Ut i l izat ion Team, 4/ 1 4/89; 

6 1. M. Drews Jut 89 

2. M. Drews Jut 89 

0 
:% Siirii 

2. Space Station Automation Study - Satellite Servicing" Vols.f!tl;li 32:: I h I I ,  TW, AtAs $935081 (SN 41 050) 1 1/84; Automated iii':$ 3. M. Drews Jut 89 Si$ &: ::::i:i 
iii$i iiiiiii 

3. 'Human Factors i n  Engineering and Design", E.J. $iftii 
ffi!f$ :.:.:.: used as specific reference iiiggi; $3. 

4. "Space Station Automation", Proceeedings o f  SPIE, Yol. 580,lGf iiiiiii 

- - 
m 

::::::: 
:.:.:.: 

Serv ic ing Technology Assessment used 
f#i ...e... 4. M. Drews Aug 89 

McCoimick & M. S. Sanders, McGraw-Hill, New York, 1982; Wi 5. M. Drews Aug 89 

::::::: i i i i i i t  

i i f i i i f  .:.:.:. 
y:;:; .:.:.:. 

ifi!i$ 6. M. Drews Aug 89 iiiii ::::::: . ...... 
9/85; scanned f o r  technology evaluations Y ifififi 7. P. Fiorini Aug 89 L ifi$$i 
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Syntax 
1 (crew) INSTALL (object-A) in (object-B) 
De f in i t i on ,  Notes etc.  
To attach one object in or on another (Le. 0 ORIGINAL DEFINITION (from Source): 
a cover, a protective envelope such as a To fix in position for use. 
micro-meteor shield or MLI, fasteners, etc. 
), either by hands-on or with the use of a $$# SUGGESTED ADDITION. KEEP AS IS, 
manual or powered tool. This definition is >;:i:i $ #  CHANGE, OR LEAVE OUT. 
to cover other attachment activities that ;iiiiii .... 
would otherwise require a large number is MLD: probably needed; leave as is ( V 
Like Verbs: 

Source D. Klaus JSC comts on “T/R & EVA Task Anal‘ 

0 
::::::: 
$#! 

ij$$ ;:i;i:i 
gi;;;i 
.:.:.:. 

1 REMOVE 1 
RnmB -1 

SECURE 

A p L  EVAPrimitives Stack 

The EVAPrimitives stack serves as a repository for a final set of 
generic EVA primitives, with a definition, syntax, like (similar) verbs 
(NOT synonyms), an antonym, and other information that all can agree 
on. This is where the real power of relational hypermedia can be seen. 
Each card can be changed, with new or improved fields, or graphics, 
anlmation, and sound added if necessary, to completely convey the 
idea. When one Is copled into any other stack, all that goes with it! 

This stack is  envisaged as a master list of GENERIC primitives, 
accessed during task analysis from the TeleTasks stack via a menu. 
SPECIFIC primitives evolve by specifying the arguments ACCORDING 
TO THAT PARTiCULAR TASK, leaving the master list intact - a 
powerful idea. EVA primitives are much more complex than 
teierobotlcs primltives, because complex humans can deal with them 
more easily as basic building blocks of tasks than a telerobot can. 
Compare the syntax parsing schemes for each to see this. 
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iyntax Source "Telerobotic Application to EVA' MDAC 10188 

befinition, Notes etc. 
IELETED 0 ORIGINAL DEFINITION (from Source): 6- 

rn $U; 
:.:::I: 

::::::: ::::::: ::::::: ::::::: ::::::: ::::::: ::::::: 
i$$; : : : : : : : 

- To gather objects together. 
:;I;:> (crew) COLLECT (objects) 

W ;  JPL: Requires better definition; too 

- 
....... :.:a:.: 

ififif! 

-0 
:.:e:.: .... ... .:.:.:. igi ambiguous to be useful at this time. . . . .  

Comments, please. 
.ike Verbs:-= ' I  - Rmm w -1 

NOTES TO THE READER: If you contrlbute a term and deflnltlon to thls stack and 
llst Its source, that's great. Thank you. But If you contrlbute ALL of the terms 
In an exlstlng document, or cross-correlate that source, that's even better, 
and needs to be noted here, so we know at a glance what thls stack Includes. 
Enter the source name b date wlth approprlate notes on a numbered llne at left 
below, and your name & date of entry on the correspondlng Ilne, please. 

C. Heneghan Jun 89 

2. Wvsnced Robotics f o r  In-Space Vehicle Processing" ( 
Interim), J.H. Smith et a1 JPL, 5/89 

3. "Telerobotics/EVA Joint Analysis System (TEJAS)" (Pre- 
release) , M. Drews et a1 JPL, 6/89; used for cross- 
correlat ion & composition 

Telerobotic Servicer Task Analysis Methodology", 
ion Utilization Team, 4/14/89; checked, no EVA 

5. J. Smith Jun 89 
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!Syntax Source FTS Task Analysis Methodology 4/14/89 
I[ (su bsystem) GRAPPLE (object-A) 
Def in i t ion ,  Notes etc .  
To close the snares on a cable-tension 
end effector, such as the Orbiter RMS, 

- c) ORIGINAL DEFINITION (from Source): 0 - 
;liftti 

To attach a sub-system to an object using 
m. 
iiil& 

$gig; 
$i* 
;i;i;;; 

.... a grapple fixture. ::::::: 

Antonym: RELEASE 

JPL: replace 'sub-system' with 'enclosure-,oa 

::::::: 
.a:.:.: - 

Like  Verbs: 
RELEASE 

RlGlDlZ E 

I NASREM 1 Operator Interface 11 Control Execution I 

Jpr TelePrimitives Stack 

The TeiePrimItives are similar to the EVAPrimitives, Le. generic in 
arguments. The definition, syntax, and other information must be much 
more exact, requiring more optional arguments, leading therefore to 
almost an infinite set of potential specific teleprimitives. Therefore, like 
the EVA primitives, these arguments are specified via a pull-down 
menu (with alternate entry possible) during the task analysis. For each 
task, a set of specific teleprimitives must be built In this manner, one 
by one, to construct an approximation of the task outline. 

Obvlously, the relatlonship between EVA and Telerobotics primitives 1s 
a one-to-many. We have attempted to build that link in the direction 
EVA->Telerobotic. On the generic level, i t  is difficult, but our attempts 
show promise. The slgnificance Is that should a hard relationship set 
be attainable, we'll be able to use It to trade off using EVA or 
telerobots In a task. Much more needs to be done here, in FY90. 
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